ABSTRACT OBJECTIVES: Previous studies have shown that children who spend more time outdoors are more active and spend less time sedentary, but these studies were limited by the use of small convenience samples. We examined the relationship between outdoor time and measures of physical activity (PA), screen time and sedentary time in a nationally-representative sample of young children.
P
hysical activity (PA) is one of the key health behaviours that contribute to reduced mortality and morbidity worldwide. 1 Even in children aged less than 5 years, higher PA levels are associated with a more favourable body composition, greater motor skill development, and improved psychosocial health. 2 Conversely, sedentary behaviour (particularly TV viewing) is associated with increased adiposity and less favourable psychosocial and cognitive development. 3 Collectively, this body of evidence underscores the need to promote PA and reduce screen time among young children. The Canadian PA and sedentary behaviour guidelines recommend that children less than 5 years old accumulate at least 180 minutes of daily PA of any intensity and spend less than 1 hour per day on screen time. 4, 5 Corresponding guidelines for children 5-17 years of age recommend at least 60 minutes of daily moderate-to-vigorous physical activity (MVPA) and no more than 2 hours of daily recreational screen time. 6, 7 Nationally-representative data from the 2009-2013 Canadian Health Measures Surveys (CHMS) indicated that 73% of 3-4 year olds met the PA guidelines, but only 22% met the screen time recommendation. 8 Compliance with the PA guidelines was much lower in 5 year olds (30%), although 76% met the screen time guideline. 8 Therefore, insufficient PA and excessive screen time among young children represent important public health issues.
One potential strategy for increasing PA and reducing sedentary time (SED) is to encourage children to spend more time outdoors. All eligible studies in a recent systematic review observed that children aged 3-12 years who spend more time outdoors accumulate more daily MVPA and engage in less SED. 9 Many other authors have emphasized the important role of unstructured play for children's physical, emotional, social and cognitive well-being. [10] [11] [12] However, most studies to date have been conducted in relatively small convenience samples; 9 therefore the generalizability of their findings is unclear.
The primary objectives of our study were to describe outdoor time in a nationally-representative sample of Canadian children aged 3-6 years attending school or daycare, and to assess the relationships between outdoor time and objectively-measured PA, screen time and SED. Our secondary objective was to examine the relationship between outdoor time and the likelihood of meeting the Canadian PA and sedentary behaviour guidelines. We hypothesized that children spending more time outdoors would be more active and less sedentary.
METHODS

Setting and participants
The CHMS is an ongoing Statistics Canada survey that collects nationally-representative data on Canadians aged 3-79 years through a household interview and direct physical measures at a mobile examination centre (MEC). 13 13 Informed consent was obtained from a parent (or guardian) and written assent was obtained from all participating children. Of the selected households, 74.1% agreed to participate. Among the recruited households, the parents of 90.7% of eligible children aged 3-6 years completed the questionnaire, and 75.8% of these children participated in the MEC component. Therefore, the overall response rate was 50.9%. Of these participants, 75.9% provided valid accelerometer data, as defined in the data treatment section. Survey weights were created by Statistics Canada to adjust for non-response biases. Because children who stayed at home with a parent or caregiver during the day (n = 104 for 3-4 year olds and n = 35 for 5-6 year olds) were asked different questions related to outdoor time, they were excluded from our analyses. The current analyses are based on data from 594 participants (47.8% female).
Procedures
As part of the household interview, parents were asked to report where their child spent their time during the day in the past month using the following options (multiple responses were permitted): 1) daycare centre; 2) home-based daycare; 3) nursery school or preschool; 4) school (including kindergarten); 5) stay at home with a parent, guardian or caregiver; 6) receive any other type of childcare (e.g., attend day camp). For weekdays, parents were asked to report outdoor time for four segments of the day: before school, at daycare/school, after school, and after dinner. For each segment, the following instructional stem was used: "During the past month, on an average school day, how much time did your child usually spend outside [ : : : ]?" Response options were: 1 (none); 2 (1 to less than 15 minutes); 3 (15 to less than 30 minutes); 4 (30 minutes to less than 1 hour); 5 (1 to less than 2 hours); 6 (≥2 hours). When parents reported more than one location, outdoor time at daycare/school was averaged across locations because the proportion of time spent at a given location was not available. Outdoor time on weekends was assessed with a single item and with the same scale. Screen time was assessed with two items: "On average, about how many hours a day does he/she [your child] watch TV or videos or play video games? On average, about how many hours a day does he/she spend on a computer (working, playing games, e-mailing, chatting, surfing the internet, etc.)?" For both questions, response options were: doesn't, <1 hour/day, 1 to less than 3 hours/day, 3 to less than 5 hours/day, 5 to less than 7 hours/day, 7 or more hours/day. Following completion of the MEC visit, participants were asked to wear an Actical accelerometer (Phillips -Respironics, Oregon, USA) over their right hip on an elasticized belt for 7 consecutive days. The Actical accelerometer has been validated for measuring PA in children and youth. 16 Accelerometers were initialized to start collecting data at midnight following the MEC visit. Data were then downloaded, and the monitor was checked to determine if it still adhered to the manufacturer's calibration specifications. 17 To more accurately measure the intermittent activity of younger children, accelerometer data were collected in 15-second epochs for 3-5 year olds. 18 Due to limited memory capacity when set at a 15-second epoch, the Actical can only record 5.6 days of data. Therefore, only the first 5 days were used in analyses. As with older participants in the CHMS, 6 year olds were asked to wear the accelerometer for 7 consecutive days and data were collected in 60-second epochs.
Data treatment
Outdoor time in hours/day was estimated following a four-step process. 19 First, the midpoint for each response option was used to provide a unique value for outdoor time in each segment of the day. Specifically, the midpoint values were: none = 0 minutes; 1 to less than 15 minutes = 7.5 minutes; 15 to less than 30 minutes = 22.5 minutes; 30 minutes to less than 1 hour = 45 minutes; 1 to less than 2 hours = 90 minutes; ≥2 hours = 150 minutes. Second, outdoor time on weekdays was calculated by adding the values for the four segments of the day (e.g., before school, at school, after school, and after dinner). Third, overall outdoor time was calculated with the following formula: Weekly outdoor time = (5 × outdoor time on weekdays) + (2 × outdoor time on weekend days). This provided a measure of outdoor time in minutes/week. Fourth, to obtain a measure in hours/day, the result of the equation was divided by the constant 420 (i.e., 60 minutes × 7 days). Screen time questions were treated as per Colley et al., 20 by summing the midpoints of the categories for both questions (i.e., 0, 0.5, 1.5, 3.5, 5.5 and 7 hours for the respective categories). Using this approach, compliance to the screen time guidelines was operationally defined as ≤1 hour/day of screen time for 3-4 year olds and ≤2 hours/day for 5-6 year olds.
To be included in analyses, 3-4 year olds had to provide at least 3 valid days of accelerometry data (with at least 5 hours of wear time), 21, 22 irrespective of the number of weekdays and weekend days. Wear time was determined by subtracting non-wear time (defined as ≥240 intervals of 15 seconds of zero counts with allowance for 30 seconds of counts between 0 and 25) from 24 hours. 22 Because PA and SED guidelines are the same for 5 and 6 year olds, correction equations were used to convert the data from the 5 year olds into 60-second epochs, 18 as shown in Table 1 . These equations were used given the high correlations between 15-second and 60-second epochs (all R 2 ≥ 0.83). For 5-6 year olds, a valid day was defined as ≥10 hours of wear time and participants OUTDOOR TIME AND PHYSICAL ACTIVITY providing at least 4 valid days were included in analyses. 17 Wear time was determined by subtracting non-wear time (≥60 minutes of zero counts with allowance for 2 minutes of counts between 0 and 100) from 24 hours. 17 The cut-points used for determining PA intensity were: SED (25 counts per 15-second epoch and 100 counts per 60-second epoch) and MVPA (288 counts per 15-second epoch and 1,150 counts per 60-second epoch). 16, 23 Any values between these cut-points were categorized as light PA.
Statistical analyses
A series of independent sample t-tests were performed to compare outcomes of interest between included and excluded participants. Multivariable linear regression analyses controlling for sex, parent-reported household income and parental education assessed the relationship between reported outdoor time and accelerometry measures (counts/day, light PA, MVPA, SED, and screen time). All models were stratified by age group. Control variables were chosen given previous research suggesting that age, sex, household income and parental education may be important correlates of PA. 24 Binomial logistic regression analyses examined the effect of each additional hour/day of outdoor time on the likelihood of meeting the screen time guidelines. To examine adherence to the PA guidelines, linear regression models assuming a betabinomial distribution were used. 25 Under the betabinomial distribution, the probability of meeting the PA guidelines on a given day is randomly distributed as beta(α, β) where the parameters α and β are estimated by maximum likelihood. This approach provides a more accurate estimate of adherence to the PA guidelines than the traditional binomial distribution that assumes that 50% of valid days are active, especially in the case of preschoolers for whom the empirical data show that over 90% of days are physically active. 25 All analyses were performed using the Statistical Analysis System version 9.3 (Cary, NC) using survey weights. Statistics Canada created a specific set of survey weights for the participants that provided valid accelerometry data which we used in all our analyses using accelerometry variables. To account for the complex survey design, we estimated 95% confidence intervals using the bootstrap technique, 26 and degrees of freedom were set to 11. Bonferroni adjustments were used given the multiple comparisons, and adjusted alpha values are shown below the tables.
RESULTS
Compared to children who provided valid accelerometer data, those who did not were younger and had higher BMI. Participants who were excluded because they stayed at home during the day were younger than those attending school or daycare (3.2 vs. 4.7 years). No other differences were found between included and excluded participants. Descriptive characteristics of the sample stratified by age group are shown in Table 2 . On average, participants spent approximately 2 hours/day outside and about half of this time occurred during daycare/school hours. Participants accumulated about 2 hours/day of screen time. Overall, 72.9% of 3-4 year olds met the guideline of 180 minutes of PA/day and 28.6% met the guideline of ≤1 hour/day of screen time. Among 5-6 year olds, 22.1% met the PA guideline of 60 minutes of daily MVPA and 81.0% met the guideline of ≤2 hours/day of screen time.
Among 3-4 year olds, outdoor time was not associated with accelerometry measures or parent-reported screen time (Table 3 ). However, 3-4 year olds whose parents did not attend college accumulated 21 more minutes of light PA than those whose parents attended university (95% CI: 7-35). For each additional hour spent outside, 5-6 year olds accumulated 10 additional minutes of MVPA (95% CI: 6-14) and 27,455 additional accelerometer counts (95% CI: 11,929-42,980) per day (Table 4) . Compared to their female counterparts, boys aged 5-6 years accumulated 22 more minutes of MVPA (95% CI: 9-35) and 89,909 more accelerometer counts (95% CI: 31,923-147,894) per day.
Relationships between outdoor time and the likelihood of meeting the PA and screen time guidelines for both age groups are shown in Table 5 . Again, no relationships were found for 3-4 year olds. However, among 5-6 year olds, each additional hour of outdoor time increased the odds of meeting the PA guidelines (OR = 2.53; 95% CI:= 1.68-3.82), and those whose family earned <$40,000 were less likely to meet the PA guidelines (OR = 0.42; 95% CI: 0.21-0.85).
DISCUSSION
Consistent with our hypothesis, we observed that outdoor time was associated with substantially higher MVPA, total PA and increased odds of adhering to the PA guidelines among 5-6 year olds. The increment in PA associated with a one-hour increase in outdoor time is meaningful and represents one sixth of the minimal amount of daily MVPA recommended. 6 However, we observed no relationships between outdoor time and PA in 3-4 year olds, and outdoor time was not associated with sedentary time or the odds of adhering to screen time guidelines for any age group. Nevertheless, given the low adherence to PA guidelines among 5-6 year olds and the substantial contribution of outdoor time to PA, the results of our study are important from a public health perspective. To our knowledge, this is the first nationally-representative study to examine the relationships between outdoor time and measures of PA, screen time and sedentary time in children of this age. In a previous investigation among 7-14 year olds, each additional hour spent outdoors was associated with 7.0 more minutes of daily MVPA and 762 more steps/day. 19 Our findings are also in agreement with a recent systematic review that concluded that children who spend more time outdoors are more active overall, 9 and with a recent position statement on active outdoor play. 12 Consistent with previous research, we found that boys 5-6 years of age were more active than their female counterparts and that low family income was associated with reduced odds of meeting PA guidelines. 24 However, these associations were not observed in younger children.
In contrast, we found no relationships between outdoor time and measures of SED or screen time in both 3-4 and 5-6 year olds.
These results are inconsistent with previous studies indicating that outdoor time was associated with less SED. 9, 19 For example, among 7-14 year olds who participated in the 2012-2013 CHMS, each additional hour spent outside was associated with 13 fewer minutes of SED/day. 19 We also found no relationship between outdoor time and PA among 3-4 year olds. Potential explanations for these non-significant findings include: 1) spending time outdoors may not be sufficient in itself to reduce the large amount of time that children spend being sedentary; 2) children may engage in a substantial amount of sedentary activities while OUTDOOR TIME AND PHYSICAL ACTIVITY outdoors; and 3) some outdoor settings may be more conducive to PA than others. In this regard, it is worth noting that the CHMS did not include questions about the specific activities in which children engaged while outdoors. In a large survey of US children and youth, the most common outdoor activities reported included some sedentary activities such as "playing or simply hanging out", "using electronic media outdoors", and "reading or studying while sitting outdoors". 27 Younger children may also spend more time being carried in a stroller than older children. In addition, other studies suggest that some outdoor locations may be more conducive to MVPA than others. 28 For example, using a combination of accelerometers, global positioning systems and geographic information systems, Wheeler et al. 28 observed that children -especially boys -were more active when in greenspaces than when in other outdoor or indoor locations. Therefore, future studies should collect additional information about the type and location of children's outdoor activities.
Limitations and strengths
The main limitation of the current study is the cross-sectional design, which precludes causal inferences. Parent-reported outdoor time and screen time are subject to recall and social desirability biases. The response options for the outdoor time questions may have yielded a ceiling effect, particularly for weekend days. The reliability and validity of the outdoor time questions are unknown and should be assessed in future studies. Nevertheless, inaccuracies in reported outdoor time should bias the results toward the null hypothesis. The fact that the reference period for the outdoor time questions differed from the accelerometry measurement period, plus the limitation of accelerometers in capturing PA during activities such as cycling and swimming, could also have biased our results toward the null hypothesis. In addition, different epoch lengths were used to collect accelerometry data across age groups. To minimize this limitation, we used conversion equations that showed high coefficients of determination. 18 When multiple locations were reported by parents, we averaged outdoor time at daycare/school between locations because data on the percentage of time spent at a given arrangement were not available. The current data do not allow for comparison of measures of outdoor time, PA and SED among different locations. Differences between participants who provided valid accelerometer data and those who did not were mitigated by the use of survey weights adjusted for non-response bias. Finally, given the travel costs associated with the MEC, the CHMS was not designed to examine seasonality issues. Seasonality may act as a confounder because children tend to be less active in the winter 29 and likely spend less time outdoors during this season. Thus, future studies should control for season. To our knowledge, this is the first nationally-representative investigation of the relationship between outdoor time and measures of PA, SED and screen time in 3-6 year-old children. The objective measures of PA and SED minimized the social desirability and recall biases associated with PA questionnaires. 30 Finally, the use of a betabinomial distribution provides a more robust estimate of adherence to PA guidelines. 24 
CONCLUSION
We found that in a nationally representative sample of young children, 5-6 year olds who spent more time outdoors accumulated more MVPA and accelerometer counts/day, and were substantially more likely to meet the Canadian PA guidelines. In a context where the majority of Canadian children are insufficiently active, these findings are significant for public health. Parents, caregivers and educators should be encouraged to provide opportunities for young children to spend more time outdoors. Future longitudinal studies should examine the correlates of outdoor time among young children to inform interventions aiming to increase outdoor time. Additional information about the type of activities that children engage in while outside, and about the locations where children are most active, would be useful to guide future PA promotion interventions. CONCLUSION : Le temps passé dehors est fortement associé à l'AP chez les jeunes de 5-6 ans au niveau populationnel. Des travaux futurs devraient évaluer les corrélats du temps passé dehors afin de développer des interventions innovatrices pour promouvoir l'AP.
